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A 


III.  INTRODUCTION 


Significant  achievement  on  the  reduction  of  nonspccular  scattering 
over  a large  bandwidth  has  been  reported  in  [1,2].  The  reduction  of 
nonspecular  scattering  was  made  possible  by  an  impedance  loading 
technique.  A two-dimensional  wing  model  was  treated  in  both  previous 
reports  [1,2].  The  reduction  of  nonspecular  scattering  from  a thin 
square  plate  - a three-dimensional  case  was  also  treated  in  [1]  but 
only  for  vertical  polarization.  The  case  of  parallel  polarization 
which  was  left  unanswered  in  [1]  and  only  briefly  mentioned  in  [3]  will 
be  the  task  of  the  present  report. 

The  mathematical  complexity  of  the  problem  is  solved  numerically 
with  the  method  of  moments.  The  thin  square  plate  is  modeled  with  a 
wire-grid  structure.  The  scattering  is  controlled  by  inserting  variable 
lumped  impedances.  A general  computer  program  for  antenna  and  scat- 
tering problems  involving  thin  wire  structures  developed  by  Richmond  [4,5] 
is  suitable  for  the  present  study.  Though  the  calculation  is  in  general 
complicated,  the  treatment  of  variable  lumped  impedances  can  be 
simplified  with  the  compensation  theorem.  Formulations  of  the  compen- 
sation theorem  will  be  given  in  the  next  section.  Section  V 
is  devoted  to  show  that  reduction  of  nonspecular  scattering  from  a 
square  plate  for  parallel  polarization  can  be  achieved  by  an  impedance 
loading  technique  over  a large  bandwidth. 


IV.  FORMULATION 

Calculations  of  the  scattered  fields  from  a conducting  body 
loaded  with  variable  lumped  impedances  can  be  simplified  if  the 
functional  dependence  of  the  scattered  fields  on  the  variable  lumped 
impedances  can  be  written  explicitly  in  simple  formulas.  This  can  be 
done  with  the  compensation  theorem.  In  this  section  we  shall  expand 
the  compensation  theorem  to  include  two  variable  lumped  impedances. 

From  the  theory  of  moment  methods,  the  induced  current  on  a 
scatterer  modeled  with  a wire-grid  structure  can  be  expanded  into 
several  modes  which  satisfy  the  matrix  equation 

= EVJ,  O 

where  Z is  the  square  impedance  matrix,  I and  V are  column  current 
and  voltage  matrices  respectively.  The  exact  expressions  for  Zmn  and 
Vm  are  well  documented  [4]  and  will  not  be  presented  here.  If  the 
scatterer  is  loaded  with  lumped  impedances,  the  impedance  matrix  Z can 
be  written  as 

Z = Z + a Z.  (2) 

mn  mn  mn  Lmn  v ' 


3 


where  Z is  the  impedance  matrix  without  loading,  ZLmn  is  the  lumped 
load  shared  by  current  modes  m and  n,  and  the  constant  ann  is  defined  by 


a 


mn 


1,  if  Im  and  I are  in  the  same  direction, 
-1 , otherwise. 


To  simplify  the  discussion,  we  shall  consider  only  the  case  where  no 
variable  lumped  impedances  are  shared  by  more  than  one  current  mode. 
In  such  a case,  Equation  (2)  reduces  to 


Z 

mn 


+ Z 6 , 

m mn* 


(3) 


where  6mn  is  a Kronecker  delta  and  Zm  denotes  a variable  lumped  imped- 
ance. In  Equation  (3)  we  have  included  those  of  fixed  lumped  impedances 
in  Z.  Substituting  Equation  (3)  into  Equation  (1), 


^mn-^nl  ~ ^m^^m^^ 


(4) 


Denoting  the  induced  current  modes  on_the  scatterer  when  all  the 
variable  lumped  impedances  vanish  as  In  and  the  difference  between  In 
and  In  as  Aln,  then 

rTJtT,]  * • <5> 

which  can  be  split  into  two  equations 


(6) 


][AI  ] = [-Z  I ]. 
JL  n L m nr 


(7) 


If  both_I  and  AI  are  known,  the  scattered  fields  can  be  calculated. 
The  current  I will  radiate  the  scattered  fields  when  all  the  variable 
lumped  impedances  on  the  scatterer  vanish,  while  the  current  Al  will 
radiate  the  excessive  fields  due  to  the  effect  of  the  variable  lumped 
impedances.  The  latter  is  equivalent  to  the  fields  radiated  when  the 
scatterer  is  used  as  a transmitting  antenna  with  an  impressed  voltage 
matrix  [-ZmIm]  and  with  all  the  variable  lumped  impedances  shorted.  The 
total  scattered  electric  field  is 


E = Es  + £ IjEJl  ey 


Z ‘-m’ 
m am 


(8) 


where  Es  is  the  field  radiated  by  I and  the  summation  over  m is  due 
to  Al.  In  Equation  (8)  Zdm  is  the  antenna  impedance  and  Ejf,  is  the 
field  radiated  by  the  antenna  when  the  driving  terminals  are  at  mode  m 
having  unit  current  through  mode  m.  Both  Zd(r|  and  E,j|  are  evaluated 
with  all  the  variable  lumped  impedances  shorted. 


The  antenna  impedance  Zani  can  be  found  from  Equation  (6).  Let 
Vm  = 6ml  , then 


■al 


|Z 

"A 


mn 

11 


i 

i 


(9) 


where  An  is  the  cofactor  of  Zn  in  the  impedance  matrix  [Zmn]  and 
;Zmn|  is  the  determinant  of  [7mn].  Similarly 


Z 

mn 


am  A 


(10) 


Next  we  shall  express  [In]  in  terms  of  [ I n] . To  do  this,  we 
obtain  from  Equations  (1)  and  (6) 


When  Equation  (11)  is  substituted  into  Equation  (8),  the  functional 
dependence  of  the  scattered  field  E on  the  variable  lumped  impedances 
is  then  explicitly  given  in  Equation  (8). 


We  shall  examine  Equation  (8)  in  more  detail  for  two  simplest 
cases. 

A - Scatterer  with  one  variable  lumped  impedance: 

From  Equation  (11 ) , 

[V  ■ [TJ'1  [?„n + 

” t’n-*  * 1 

and  then 


I,  = 1 


A11Z1 


mn 


I 


r 
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Therefore  Equation  (8)  can  be  reduced  to 


-s  1 T rY 

^ lE> 


(12) 


Let  E = Ex  when  Z-j  = Zx.  Then  from  Equation  (12), 


!1E1  = (ES-EX) . 

Z1 


(13) 


Substituting  Equation  (13)  into  Equation  (12),  we  have 


E = 


z.i<zrzi>EStVzai+z(>EX 


z(<Vzi> 


(14) 


Because  E and  Za-|  are  functions  of  Z-j , it  is  more  appropriate  to 
write  Equation  (14)  as 


E(  Z-j ) = 


Zal(o)(Zx-Z1)E(o)+Z1[Za1(o)+ZX]E(Zx) 

Z1  ^-Zal  ^°)+Zl  3 


(lb) 


The  argument  of  E and  Za]  refers  to  the  value  of  Z] . From  Equation 
(15)  it  is  seen  that  if  E(o),  E(Z^)  and  Za-|(o)  are  known,  then  the 
scattered  field  for  different  values  of  Z-j  can  be  calculat.eu  easily 
using  Equation  (15).  If  Z^  is  set  to  be  infinity,  then  Equation  (15) 
can  be  simplified, 


E(Z-,) 


Zal(o)E('')+Z1E(”) 

-T^TR, 


(16) 


B - Scatterer  with  two  variable  lumped  impedances: 

In  this  case  we  shall  take  a different  approach.  Instead  of 
amplifying  Equation  (8),  we  start  from  Equation  (15).  Because  there 
are  two  variable  lumped  impedances,  both  the  scattered  field  E and  the 
antenna  impedance  Za  are  functions  of  Z]  and  Z2.  From  Equation  (15) 


E(ZrZ2) 


Za1(0,Z2)(Zx-Z1)E(o,Z2)^Z1[Za1(o,Z2)+ZX]E(Zx,Z2) 

ZX[Zal(o,Z2)+Z1] 


(17) 
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Similarly,  we 


E(Z1 ,Z2) 


have 

Za2(Zl  »o) CZ2~Z2)E(Z1  •o)+Z2[Za2(Z1 ,o)+Zj]E(Z1 ,Z*) 


z^za2(zi,o)+z2] 


(18) 


In  Equations  (17)  and  (18),  the  first  argument  of  E and  Za  refers  to 
the  value  of  Z]  and  the  second  argument  to  that  of  Z2. 

In  the  following  we  shall  write  E(o,Z2),  E(Z*f,Z2)  and  Zai(o,Z2) 
of  Equation  (17)  as  functions  of  l'i  explicitly.  This  is  easily  done 
for  E(o,Z2)  and  E(Z*,Z2)  by  substituting  Z-|=0  and  Z]=Z*  into  Equation 
(18) , respectively. 


E(o,Z2) 


Za2(o,o)(Z^-Z2)E(o,o)+Z2[Za2(o,o)+Z2]E(o,Z^) 

Z2[Za2(o,o)+Z2] 


(19) 


e(z(J,z2; 


Za2(Z(|,o)(Z/2-Z2)E(Z(;,o)+Z2[Za2(Z([,o)+Z2]E(Z;,Zp 

Z2[Za2(z(J,o)+Z2] 


.(20) 


For  Za](o,Z2),  we  proceed  as  follows:  The  antenna  is  viewed  as  a 

two-port  network  as  shown  in  Figure  1.  Referring  to  Figure  1,  we  can 
write  down  the  following  equations  immediately. 


I.  Z| 

z2  12 

Wj.  +-  o 

♦ 

Z!l  Z 12 

♦ 

V, 

Z2,  z22 

V 



Figure  1.  Antenna  with  lumped  impedances 
viewed  as  a two-port  network. 


1 1 ^Z1 1+Z 1 ) + 1 2Z 1 2 * 

(21) 

_ 1 1 Z 2 1 + ^ 2 ^ Z2  2+Z  2 ^ * 

(22) 
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za1(o,z;)  = 


V° 

v° 

z =zx 

L2  L2 


= z 
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z z 

^12^21 

z +zx 

422  2 


Zal^0,°^  TT 


v2= 0 

zr° 

Z2=0 


■11 


Z12Z21 

Z22 


Za2<Z>)  = T7 


vr° 
z =zx 

Z2=0 


= z 


Z12Z21 


22  Z +ZX 
Z11  H 


Za2(o,o) 


vr° 

zr° 

Z2=0 


= z 


22 


Z12Z21 

Z11 


From  Equations  (23)  through  (26)  we  can  solve  Z-n  , 
terms  of  Zal(o,Z*),  Zal(o,o),  Za2(Z?,o)  and  Zrt2  o,o 
Equations  (23)  through  (26),  1 

Z11Z22  " Z12Z21  + Z11Z2  = (Z22+Z2^  Zal^0’Z2^ 

Z11Z22  " Z12Z21  = Z22Za -j  ( 0 »°)  » 

Z11Z22  " Z12Z21  + Z22Z1  = ^Zll+Z^  Za2^Zl  *0^  ’ 

Z11Z22  ‘ Z12Z21  = Z1 lZa2^0’0^ ‘ 

From  Equations  (28)  and  (29),  we  obtain 

Z22Zal  (°’°)  + Z22Z1  = <Z11+Z?)  Za2{Z?’o)’ 


(23) 

(24) 

(25) 

(26) 

z12»  Z2i  and  Z22  in 
).  Rewriting 

(27) 

(28) 

(29) 

(30) 
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or 


'll 


Z22^Zal (°’°)+zi^ 
Za2^Zl ,0^ 


- Z 


(31) 


Substituting  Equations  (28)  and  (31)  into  Equation  (27), 

/ Z22^-Zal  (°»°)+zi  ] xv  x x x 

Z22Zal<°-°>  f- 7 - Z1  K ■ (Z22+Z 2>Zal(°'Z  > 

Za2(Zl’o) 

From  this  equation  we  solve  for  Z22, 


-22 


Z*Za2(Z*,o)[Za1(o,Z*)+Z*] 


Z^[Zal(o,o)+Z^]+Za2(Z)[,o)[Zal(o,o)-Zal(o,Z^)] 


(32) 


Rewriting  Equation  (28)  in  the  following  form. 


Z12Z21  “ Z11Z22  ' Z22Zai(°»°)* 


(33) 


Therefore  Equations  (31)  through  (33)  can  be  used  to  solve  for 
z22 » Zn,  and  Z-] 2Z21  in  terms  of  Za](o.o),  Zal(o,z£)  and  Za2(Z$,o). 
When  this  is  done,  then  from  Equation  ( 23 ) we  arrive  at 


Zal  (°,Z2^  = Zn 


Z12Z21 

Z22+Z2 


(34) 


which  expresses  the  antenna  impedance  Za-|(o,Z2)  in  terms  of  the  network 
parameters  and  the  variable  lumped  impedance  Z2.  A simple  formula 
relating  the  antenna  impedances  Za](o,o)  and  Za2(o,o)  can  be  derived 
from  Equations  (28)  and  (30). 


d2 

Za?(®’®)  - 7'  Z-,1  (0,0)  . 


’ll 


(35) 


¥ 


This  completes  the  derivation  of  the  formulas.  To  recount  the 
formulas,  we  have 


E(Z1 ,Z2) 


Zal(o,Z2)(Z^-Z1)E(o,Z2)+Z1[Zal(o,Z2)+Z^]E(Z^iZ2) 


z;czai(°,z2)+zi] 


(17) 


E(o,Z2) 


Za2(o,o)(Z^-Z2)E(o,o)+Z2[Za2(o,o)+Z^]E(o,Z^) 

Z2[Za2(o,o)+Z2] 


(19) 


e(z*,z2)  = 


Za2(Zl  *o)(Z2-Z2)E(Zl  *o)+Z2[Za2(Zl  »o)+Z2:|E(Zl ’Z2} 
Z2[Za2(Zl’o)+Z2] 


, (20) 


7 In  7 \ - 7 Z12Z21 

al^’V  Z^  - i^+z^ 


Z12Z21  ~ Z22^Z11  “ Zal^0*0^ ’ 


Za2(°>°)  " z^  Zai  (°>°)  * 


(34) 
(33) 

(35) 


v Z22[Zal(o,o)  Zj] 

11  " 7 / 7X  \ " I 

za2(zi »o) 


(31) 


Z2Za2(^’°^Zal(o,Z^)  ♦ Z*] 


'22  " ,x 


Z2[Zal(o’o)  + Zl]  + Za2(Z^,o)[Zal(o,o)  - Zal(o,Z^)] 


• (32) 


From  these  equations,  i.e..  Equations  (17),  (19),  (20),  (34),  (33), 

(35),  (31)  and  (32),  it  is  seen  that  if  the  values  of  Za-|(o,o), 

zal(°,z2),  za2(Z*,o),  E(o,o),  E(o,Z2),  E(Z*,o)  and  E(Z^ ,Zg)  are  known, 

then  the  scattered  field  E(Z],Z2)  for  arbitrary  values  of  Z-|  and  Z2  can 
be  easily  calculated  through  these  equations.  This  method  is  especially 
efficient  if  the  scattered  fields  for  many  different  values  of  Z]  and 
Z2  are  to  be  calculated. 
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Froii)  the  above  formulas,  simpler  but  not  necessarily  more  efficient 
formulas  can  be  derived  by  setting  Z^=Z£=°°, 


22  Za2^*'0^’ 

(36) 

11  = V0-’1- 

(37) 

l ( 00#Q  ) 

a2(o,o)  = Zal(o,o), 

(38) 

12z21  ' Za2("’0)[Zal(0l")  ‘ Zal * 

(39) 

Za-|(0»z2) 


zal(o,°°)[za2(o,o)+Z2] 


Za2Ko)+Z2 


(40) 


z ?(»,o)E(»,o)+Z?E(®,») 

e(=0,Z2)  = Za2(-,o)+Z2 


(41) 


za2(o,o)E(o,o)+Z2E(o,») 
E(0,Z2)  = za2(o,o)+Z2 


(42) 


c/7  \ Zal  ^0,Z2^^0,Z2^+Z1  E^°°,Z2^ 

E(Z1’Z2}  " ~~  Zal  (o'^2)+Z1 


(43) 


Applications  of  the  formulas  derived  here  will  be  given  in  the 
next  section. 


V. 


APPLICATIONS 


As  shown  in  Figure  2,  a thin  square  conducting  plate  slotted  on 


WIRE  GRID  USED  IN 
MOMENT  METHOD 
SOLUTION 


PLATE 


Figure  2.  Wire  grid  model  of  folded  dipole  geometry. 

one  side  is  modeled  with  a wire-grid  structure.  Lumped  impedances  of 
values  Z]  and  Z2  are  inserted  on  the  slotted  side.  The  purpose  here 
is  to  optimize  the  impedances  l]  and  Z2  such  that  significant  reduction 
of  the  backscatter  from  the  slotted  plate  can  be  achieved  at  near 
grazing  incidence  with  electric  field  polarized  parallel  to  the  slot. 
Although  there  are  three  lumped  impedances  ( Zg , Z2,  Z2),  the  formulas 
for  the  case  of  two  lumped  impedances  derived  in  the  previous  section 
can  still  be  used  if  the  synmetry  property  of  the  structure  is  employed. 

From  folded  dipole  theory*,  Z2  is  chosen  to  be  pure  reactive. 
However,  Z]  can  have  resistance.  We  first  calculate  the  antenna 


*The  author  is  indebted  to  Professor  L.  Peters,  Jr.  for  many  discussions 
of  the  folded  dipole  theory. 
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impedances  Za^(o,o),  za-i(0»^’  Z^U^.o)  and  the  backscattered  fields 
E(o,o),  E^.Z?;),  E(Z*,o),  E(Z*,Z*)  using  a computer  program  developed 


by  Richmond  [5]*.  Then  varying  the  values  of  Z]  and  Z2  and  calculating 
the  backscattered  field  E ( Zi  ,Z2 ) using  the  formulas  derived  in  the 
previous  section,  we  obtain  a figure  of  merit  as  the  sum  of  the  echo 
areas  at  $=0°, 10°, 20°, 30°, 40°.  The  computer  is  programmed  to  select 
the  load  impedances  yielding  the  smallest  figures  of  merit.  The  optimal 
values  of  Z 1 and  Z2  are  then  determined.  The  results  are  shown  in 
Figures  3 through  16.  Both  echo  areas  for  unslotted  plates  and  slotted 
plates  with  optimal  Z]  and  Z 2 are  presented.  From  these  figures  it  is 
seen  that  the  reduction  of  backscatter  at  near  grazing  incidence  can 
be  achieved  for  plate  sizes  ranging  from  L/A=.l  to  L/a=1.4.  The  size  of 
L/A=l  .4  is  not  a restriction  on  the  target  size  but  merely  one  intro- 
duced by  the  core  of  the  computer  being  used  to  make  these  computations. 
The  optimal  impedances  Z]  and  Z2  for  minimizing  the  backscatter  at 
near  grazing  incidence  are  summarized  in  Figures  17  and  18.  The 
problem  of  how  to  implement  the  impedances  is  not  dealt  with  at  this 
time.  However  it  is  observed  that  Z2  is  the  impedance  required  to 
reflect  an  open  circuit  across  the  antenna  for  the  asymmetrical 
current  mode  at  the  position  of  the  input  terminals  of  the  folded  dipole. 
This  could  be  realized  at  a single  frequency  by  placing  a short 
circuit  (shorted  diode)  across  the  antenna  at  the  proper  place.  The 
impedance  Z]  would  appear  to  be  physically  realizable  over  most  of  the 
frequency  band.  Thus,  the  echo  reduction  suggested  can  be  achieved 
using  an  adaptive  system  where  the  frequency  of  the  incoming  radar  is 
sensed  and  the  appropriate  diode  would  be  activated. 


With  optimal  impedance  loading  which  reduces  the  backscatter  at 
grazing  incidence  we  expect  that  the  induced  current  will  redistribute 
itself  on  the  plate.  As  shown  in  Figures  19  and  20,  the  current  on  an 
unslotted  square  plate  of  size  L/A=.2  induced  by  a plane  wave  of 
parallel  polarization  at  grazing  incidence  is  compared  to  that  induced 
on  a plate  of  the  sane  size  with  optimal  impedance  loading.  The  change 
of  the  induced  current  at  the  leading  edge  (slotted  edqe)  is  large. 

The  total  current  in  the  z-di recti  on  is  reduced  when  the  plate  is  loaded 
with  optimal  impedances. 


Impedance  loading  may  find  applications  in  the  study  of  target 
discrimination.  In  one  technique  of  target  discrimination  the  natural 
resonances  of  a target  are  important  parameters  [6,7].  Therefore,  it 
is  interesting  to  ask  if  impedance  loading  of  a target  will  alter  the 
natural  resonances  of  the  target  drastically.  For  the  square  plate 
studied  in  this  section  the  dominant  natural  resonances  can  be  obtained 


*The  author  is  indebted  to  Professor  J.  H.  Richmond  for  the  use  of  his 
computer  program. 


13 


10  LOG  (a/  X^) 


<P  (DEGREES) 


figure  3.  I3ackscatter  reduction  for  parallel  polarization 
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I iyure  4.  Bdckscatter  reduction  for  parallel  polarization 
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gure  5.  Backscatter  reduction  for  parallel  polarization. 
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Figure  8.  Backscatter  reduction  for  parallel  polarization 
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Figure  9.  Backscatter  reduction  for  parallel  polarization 
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Figure  11.  Backscatter  reduction  for  parallel  polarization. 


22 


10  LOG  ( °7x  ) 


8 


</>  (DEGREES  ) 


Figure  13.  Backscatter  reduction  for  parallel  polarization 
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Figure  14.  Backscatter  reduction  for  parallel  polarization. 


\ / 1 1 UNSLOTTED 

' I • l 


-16 

-\ 

1 

1 

1 

1 

N 

II 

O 

-18 

_\  / 

IJ  Z2=j490 

1.  ^ i 

u 

-20 

11/  ,1 

1 1 1 1 1 1 

0 20  40  60  80  100  120  140  160  180 

4>  (DEGREES  ) 


( igure  16.  liackscatter  reduction  for  parallel  polarizati 
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Figure  19.  Current  on  a square  plate  of  L/X=.2  induced  by  a 
plane  wave  at  grazing  incidence.  The  upper 
number  is  the  amplitude  and  the  lower  number  is 
the  phase  in  degree. 
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Figure  20.  Current  on  a square  plate  of  L/A=.2  with  optimal  impedance 
loading  induced  by  a plane  wave  at  grazing  incidence.  The 
upper  number  is  the  amplitude  and  the  lower  number  is  the 
phase  in  degree. 


as  follows.  With  the  unslotted  plate  Prony's  method  is  applied  to  the 
endfire  backscattered  ramp  response  obtained  via  I'ourier  synthesis  [7] 
and  the  dominant  natural  resonances  are  found  to  be  (-.51‘j±jl  .91  )c/L 
where  c is  the  velocity  of  light  (Figure  21).  Next  the  plate  is  slotted 


Figure  21.  Endfire  backscattered  ramp  response  of  a square  plate. 

and  a fixed  impedance  Z]=200fi  is  inserted  at  the  slotted  edge.  A 
slight  change  in  the  dominant  natural  resonances  is  found  (Figure  22). 
At  the  dominant  natural  resonances  of  the  unslotted  plate  the  size  of 
the  plate  is  approximately  L/A=.3.  If  optimal  impedances  are  obtained 
at  this  frequency  which,  from  Figure  5,  are  found  to  be  Z] =1 600+j 12500, 
Z2=j42  which  can  be  made  of  some  values  of  resistance  and  inductance, 
and  if  the  values  of  resistance  and  inductance  are  kept  constant,  then 
the  endfire  backscattered  ramp  response  is  as  shown  in  Figure  23.  The 
dominant  natural  resonances  have  a much  larger  change  from  those  of  an 
unslotted  plate.  It  should  be  noted  that  the  ramp  responses  as  shown 
in  Figures  21  through  23  must  be  divided  by  the  factor  (FF)  to  obtain 
the  true  ramp  responses.  For  comparison,  the  corresponding  broadside 
backscattered  ramp  responses  are  shown  in  Figures  24  through  26. 
Comparing  the  first  negative  swing  in  Figures  24  through  26,  it  is  seen 
that  impedance  loading  has  little  effect  on  the  specular  scattering. 
This  brief  investigation  is  by  no  means  complete,  but  does  show  that 
impedance  loading  technique  for  controlling  nonspecular  scattering  may 
also  find  applications  in  target  discrimination. 


FF  = 14.07 


Vt 

( T=  10  L/c  ) 

POLES  (c/l)  RESIDUES 
0.407  +j  4.95  -0.026  ±j  0.073 

0. 443  + j 3.32  -0.  143 +j  0.143 

-0.574 +j  1.85  0.276+  j 0.175 

■ 0.135  ±j  6.24  0.012+  jO. 015 


Figure  22.  Endfire  backscattered  ramp  response  of  a slotted 
square  plate  loaded  with  Zn=200n. 
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Figure  23.  Endfire  backscattered  ramp  response  of  a slotted  square 
plate  loaded  with  impedances  which  are  optimal  at  the 
frequency  where  L/A=.3. 
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Figure  24.  Broadside  backscattered  ramp  response  of  a square  plate. 
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Figure  25.  Broadside  backscattered  ramp  response  of  a slotted 
square  plate  loaded  with  Z^=200ft. 
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Figure  26.  Broadside  backscattered  ramp  response  of  a slotted 
square  plate  loaded  with  impedances  which  are 
optimal  at  the  frequency  where  L/A=.3. 


Ml.  CONCLUSION 

A generalized  compensation  theorem  is  derived  in  this  report.  The 
result  is  applied  to  the  study  of  controlling  backscatter  from  a thin 
square  conducting  plate  by  impedance  loading.  It  is  demonstrated  that 
at  near  grazing  incidence  with  the  electric  field  polarized  parallel 
to  the  leading  edge  of  the  plate,  significant  reductions  of  backscatter 
can  be  achieved  for  plate  sizes  ranging  from  L/X= . 1 to  L/A=1.4  with 
proper  impedance  loading.  A similar  study  for  the  case  of  perpendicular 
polarization  has  been  given  in  a previous  report  [1].  The  main  contri- 
butions of  nonspecular  backscatter  for  the  two  cases  are  different.  For 
the  former  the  leading  edge  of  the  plate  contributes  most  of  the 
backscatter  and  a properly  loaded  folded  dipole  is  employed  to  reduce 
the  backscatter.  While  for  the  latter  the  main  contributor  of  the 
backscatter  is  the  trailing  edge  and  the  backscattering  reduction  is 
accomplished  through  the  use  of  a properly  loaded  slot.  Comparison 
of  the  two  studies  shows  that  good  backscattering  reduction  over  a 
much  larger  bandwidth  can  be  achieved  for  parallel  polarization. 
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